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FOIL FUSES AS OPENING SWITCHES FOR SLOH DISCHARGE CIRCUITS

J.V. Parker and U.Fl. Parsons

Los Alemoa National Laboratory
Los Alamom, NH 87545

W!!!!!w
Metal foil fuges. embedded in varloua ❑aterials are

widely used as opening awltches In faaL discharge clr-
Cuits (-1 119). Several technologies of kurrent lnter-
egt require opening switches in circuits which operate
on a ❑uch longer time soale {-100 Me.). We have inves-
tigated the behavior of aluminum and copper foil fuses
for oonductlon times of 100-200 IIS. Reliable ourrent
interruption 1s obtained at the end of ❑elting rather
than at the end of vaporization. The ratio of initial
to final resistance 1s > 100. In general, the perform-
ance of slow fuses can be predicted by simple scaling
from fast fuse behavior. For applications where the
swltchlng function depends critically on the resls-
tlvlty versus Input energy characterle.tic, the results
presented can be used in the selectlon of proper fuse
alze and geometry.

Introduction

The use of metal folla and wires for clrcult in-
terruption and switching 1s well known [1,2,3,41 for
conduction periods of a few microseconds or leaa, On
this tlmc, scale, the behavior of fuses 1s .dmllar to
that of exploding wires, which have been extensively
investigated. Typically, as the fuse 1s heated, it
passes from solid to llquld phase and finally to the
vapor phase where the reslstlvlty becomes very high,
As the heating rate Is lncreasod, the fuse reslsklvlty
Is observed to decrease for a given energy Input,
somctlmes by as mu.!h n~ a factor of three [5].

W-n the conduction time is lncreused by a factor
of 1o-1oo, ncw phy91cal effects enter ttlc ploture,
e.g., bulk motion of the foil under magnetic or aur-
faco tonalon forces. Thus , it 1s noL unexpected that
th(! details of Iliac behavior will be dlfroront for
(otlg conduc(.lon tlmo:). The prlnclple difference which
wc hav,. ld(lnt.lrl(?d 13 the onseL of high ron19LlvlLy at
the 0C4 o! L.hu molt.lng ph:uo, well bofcrc tho fuse
mnL,!rlal has bcw h(,;lted to tho vaporlzutloli tempera-
Lurc ,
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Fig. 1. schematic of Fuse Teat Clrcult

is normally filled with ‘playbox” sand from the 100al
bulldlng ❑aterial supplier. The lid hae a l.3-cm-
thlok piece of heavy rubber foam mounted on It to
apply preaaure to the sand and malntaln uniform con-
tact between sand and fuse. The enolosure lld Is well
secured because abnormal interruption (energy alsslpa-
tlon>>vaporlzatlon energy) can” reault in--very high
Internal pressures.
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Fig. 3. Typloal Current and Vol~age Waveforms

dotted ourve in Fig. 4, taken from Referenoe 6, shows
the fast time behavior meaaured for alualnum wlros
exploded on a mlcroaecond time scale. Tho reslatlvlty
la ldenhlcal until thu end of ❑eltlng, when tho realu-
tlvlty of the alwnlnum roll rlsaa nbruphly to
-350 ufi/om (125 x tho cold realatlvlty). Tho fast
dlgo ar a re ulree R aubstantlally larger aotlon (6.5

05 Ix 10 A a/mm ) to roach about tho aamo poitk roslstlvl-
ty. Noto thal. reatrlke dooy not ocour In our oxpwl-
ment onlv boaauw aurrent flow onda before tho fuaera
apooirlo-energy llmlt la reached.
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The only foroe doting on the Il!ue which appears to be
strong enough to oauee ❑eaningful motion (a few tlmee
the foil thickness) on a 10-IIS tlmo soale la the sclf-
magnotlo foroo. For a flat foil, this foroe sots in
the piano of tho foil puahlng tho odgos townrd tha
oentor. The forco on the odgo is very high, docroas.
lng to zero at the oontor. If this plcturc 1s villld,
then n oyllndrlcal fuac olomont, whloh huu n uniform,
rndlal ftrco, ohould oxhlblt a fuator, oloiinor lrltor-
ruptlon, Flguro 6 oompnros tho voltago voruuo Llmc!
bohavlor ror two Idontion] fuso olomontm, ono rlnt,,

tllu ot.hor rormod Ifito a oyllndcr with mwld ln:ll(h! and
outeldu, TIMI onfmt of I’culatnnco 19 yllitr~~~s for tho
cyllndrlonl roll nnd tho pouk volLu~() Iu 30$ Illgher.
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‘a reeistanoe as the ourrent daoays. At 25 m, the fuee
exhlblts a wide region of nearly oonetant remistanoe
but finally recovers to high reslatanoe as tha current
deoaya. The Z3-mIm tuae, in oontrast, goes into a 10U
resiatanoa restrike mode, The limiting apeoifio enerHy
for this partloular fuse geometry is 13-15 kJ/g. The
dashed ourve, taken from Referenoe 6, shows the behav-
ior measured for fact dlaohargea. In this oaae, the
apeolflc energy before restrike la 10 kJ/g, comparable
to our value for a slow fuse.

This result auggesta that, whatever the dlfferenoe
between alou and fast fume ‘behavior at early time, the
end point la atlll a~soolated with oomplete vaporiza-
tion of the ruse material.

Reoovery Voltage
Due to llmltatlons of time and equipment, no ex-

perlmenta were oarrled out to directly addre.ga recov-
ery voltage. In the course of our ❑eaauramenta, it
was observed that recovery voltage deoreaaes with time
after interruption. For 100-200 Ma after current
zero, an electrlo field of 100-120 V/cm can be aua-
talned without conducttlon. After 500 us, the maximum
field Is generally 75-80 V/cm, a value which Is sus-
tained for the duration of our ❑easurement (2000 us).

Swltchlng Time
The awltchlng time for a fuse la a function ,mlr-

cipalIy of the peak fuee reslstlvity and th3 speclrlc
energy oapaolty of the fuse material. For inductive
awltchlng, lt can be shown that the swltohlng time la
a fixed fraction or the conduction time given by

where Es -

6-

C“m

R“

t~ -

Lc -

ts
2E=6

. (1)
~ Cmg

❑aximum speclrlc anergy (J/g)

donulty (g/cm3)

paak roslstlvlty (Q-cm)

action nt mnxm realat, (A;!n/cm’l)

swltchlng tlmo

r.)
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Conolualon

Foil fuaea surrounded by aand are
lng awltohes on k 100-ua time scale.
rameters characterizing slow fuses are
fuaea, e.g. peak realativlty. ❑aximum

uaefld aa open-
Sme of the pa-
aimllar to faat
energy caoabll-

lty and the” ratio of awitchlng time to--mnductlon
time. The principal difference 1s the action value for
peak realatenoe which la about one-half ma large far
abu fuaea.
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